Boron carbide is a material which has wide application areas in industry including nuclear technology. Titanium diborideboron carbide composites which were produced from dierent boron carbide particle sizes were studied for searching of the behaviour against the gamma ray. Micron size and submicron size boron carbide were used to produce composite materials. The volume of boron carbide and titanium diboride in the composites are 85% and 15%, respectively. For the investigation of the gamma radiation behaviour of these materials, Cs-137 radioisotope was used as gamma source in the experiments which has a single gamma-peak at 0.662 MeV. Gamma transmission technique was used for the measurements. The eects of boron carbide particle size on radiation attenuation of titanium diborideboron carbide composites were evaluated in relation with gamma transmission and the results of the experiments were interpreted and compared with each other. It could be understood that decrease of particle size of boron carbide in boron carbidetitanium diboride composites causes higher linear and mass attenuation coecient values. So, submicron size boron carbide used composite materials are more convenient than micron size boron carbide used composite materials as radiation shielding materials for nuclear applications.
Boron carbide is a material which has wide application areas in industry including nuclear technology. Titanium diborideboron carbide composites which were produced from dierent boron carbide particle sizes were studied for searching of the behaviour against the gamma ray. Micron size and submicron size boron carbide were used to produce composite materials. The volume of boron carbide and titanium diboride in the composites are 85% and 15%, respectively. For the investigation of the gamma radiation behaviour of these materials, Cs-137 radioisotope was used as gamma source in the experiments which has a single gamma-peak at 0.662 MeV. Gamma transmission technique was used for the measurements. The eects of boron carbide particle size on radiation attenuation of titanium diborideboron carbide composites were evaluated in relation with gamma transmission and the results of the experiments were interpreted and compared with each other. It could be understood that decrease of particle size of boron carbide in boron carbidetitanium diboride composites causes higher linear and mass attenuation coecient values. So, submicron size boron carbide used composite materials are more convenient than micron size boron carbide used composite materials as radiation shielding materials for nuclear applications. Boron carbide has low-density, high hardness and corrosion resistance, chemical stability and high neutron capture feature [1, 2] . So, boron carbide has wide application areas in industry. Some of these areas are the nuclear technology, military industry, ceramic industry and air-space industry [1, 2] . Some boron carbide application elds are sand blasting nozzles, nuclear reactors, reactor control rods and the radiation shielding materials [2, 3] . However, boron carbide is brittle, has low strength and high temperature sintering properties [3, 4] . Since the sintering of pure boron carbide to high densities is dicult, specic additives such as SiC, Al 2 O 3 , TiB 2 , AlF 3 , W 2 B 5 , elemental boron and carbon have been used as sintering aids to increase the sintered density [25] .
In this study, boron carbidetitanium diboride composites which were produced from dierent boron carbide particle sizes were studied for searching of the behaviour against the gamma ray. For the investigation of the gamma radiation behaviour of these materials, Cs-137 radioisotope was used as gamma source in the experiments which has a single gamma-peak at 0.662 MeV and half life is 30.1 y [6, 7] .
Gamma transmission technique was used for the measurements. In the experiments, gamma peaks were measured with PM1401K model, scintillation detector and multi-channel analyzer. All the measurements were implemented by taking at least three counts in the same geometry.
Dierent boron carbide particle size ratios in boron carbidetitanium diboride composites were evaluated in relation with gamma transmission and the results of the experiments were interpreted and compared with each other.
Experiments and materials
This gamma transmission technique is based on penetrating gamma rays through materials. Materials were put between the detector and gamma source within same axis. The gamma radiation counts are measured reaching to detector from the source. The counts with material and without material are compared and evaluated [68] . Figure 1 shows schematic view of gamma transmission technique. The radiation passing through the material is calculated by the following equation:
(1) where I and I 0 are the transmitted and initial gamma ray intensities, respectively, µ is linear attenuation coefcient of material at specic γ-ray and x is the thickness of the material.
The materials which were used in the experiments have dierent boron carbide particle size ratios in the compos- (177) ites. Thus they are coded according to their boron carbide and titanium diboride ratios by volume in composites and particle size ratios. Table I shows the materials that are used in the experiments and their ratios by volume in the composite materials and also their strength, hardness and density properties. Average particle size for
carbide, materials were milled for half an hour in attritor. The average particle size for nanoscale boron carbide particles is 405 nm. For production of submicron boron carbide, boron carbide materials were milled in Spex 8000 mill for 30 min with WC balls. Particle size distribution of unmilled and milled boron carbide are given in Fig. 2 .
With milling the boron carbide, average particle size was decreased from 3.997 µm to 405 nm. All composite materials were sintered at 2250
• C for 1 h under 50 MPa pressure. The materials which were used in the experiments have about 1 × 0.5 × 2 cm 3 dimensions. Cs-137 gamma radiation source which has 8.9 µCi was used in the experiments. Lead blocks were used for radiation shielding and collimation. The collimator diameter is 7 mm. The distance between the detector and source is 10 cm.
Firstly background radiation was measured. Then Cs-137 gamma source was set. Initial intensity count (I 0 ) was measured. Then materials were set and intensity counts (I) were measured for all thickness values. All counts were measured three times for 600 s and net counts calculated by reducing background value. Average values and standard deviations were calculated. For rational evaluating, relative intensity (I/I 0 ) values were calculated. Results were given in tables. Relative intensity material thickness graph was drawn for each titanium diboride ratio. Exponential distribution was shown on graphs and exponential equations were calculated. Then results were evaluated and discussed. 
Results and discussion
Experimental results for 8515, 8515_1/2 and 8515_M boron carbidetitanium diboride composites at dierent thicknesses with Cs-137 gamma source are given in Table II .
Using the values in the tables, relative intensity material thickness graphs were drawn for all boron carbidetitanium diboride composites. Exponentially tted equations were calculated. Figure 3 shows relative intensitymaterial thickness graphs of all boron carbide titanium diboride composites. Using the graphs in Fig. 3 the linear attenuations of the composite materials and correlation coecients were calculated. The mass attenuation coecients (µ/ρ) of the composite materials were calculated. Theoretical mass attenuation coecient value for 85% boron carbide15% titanium diboride composite was calculated from XCOM computer code [9] . The values compared with each other for all materials and the dierence percentages were calculated. The linear and attenuation coecient values of the composites and dierence percentages are given in Table III .
It could be seen in Table III that the decrease of boron carbide particle size in boron carbidetitanium diboride composite materials causes higher linear attenuation values. In addition from Table III it can be stated that the decrease of the particle size of boron carbide in boron carbidetitanium diboride composites causes higher mass attenuation coecient values and closing the theoretical values. Also the dierence percentage decreases with small boron carbide particle size.
